Coumarins from Campylotropis hirtella (FRANCH.) SCHINDL. and Their Inhibitory Activity on Prostate Specific Antigen Secreted from LNCaP Cells
Its molecular formula was established as C 16 H 12 O 6 by HR-TOF-MS giving a quasimolecular-ion peak [MϩNa] ϩ at m/z 323.0511. The UV spectroscopic data (l max 259, 352 nm) of this compound were similar to those of licofuranocoumarin and licopyranocoumarin, 6, 7) suggesting a 3-arylcoumarin structure for 1. The was assigned as C-5. One of the remaining two meta-coupled aromatic protons, at d 6.45, was attributed to H-6 according to the correlation of this proton and the methoxy protons (d 3.94) in the NOESY spectrum. The HMBC cross-peak between H-4 and C-1Ј confirmed that the trisubstituted benzene ring was linked at C-3. The quaternary carbon signal at d 160.0 was deduced as C-2, for it correlated with H-4 in the HMBC spectrum. Therefore, 1 was determined as 7,2Ј,4Ј-trihydroxy-5-methoxy-3-arylcoumarin.
Compound 2 was isolated as a pale yellow gum. The molecular formula was determined to be C 20 The angeloyl group was located at C-12, confirmed by HMBC correlation of H-12/C-1Ј. All the above evidence suggested this compound was very similar to angelol A, 8) which also was obtained in this study. Their 1 H-and 13 C-NMR data in MeOH were showed in Table 1 . The major difference was that the coupling constant between H-11 and H-12 was 8.7 Hz for 2, not 1.7 Hz for angelol A, which suggested compound 2 was the stereoisomer of angelol A. 8) So its relative configuration between C-11 and C-12 was deduced to be same to angelol E, and different with angelol A. 8) According to the previous study report, angelol-type coumarins showed plane optical rotatory dispersion (ORD) curve. [8] [9] [10] The absolute configuration of C-11 in the angelol-type coumarins was determined from their ORD spectra. If the configuration of C-11 was R, the ORD spectrum of the coumarin should have a negative plane curve. Conversely, if it was S, the ORD should present a positive curve.
8) Compound 2 showed the data [a] D 26 ϩ69.2°(cϭ1.0, MeOH, 589 nm), implied it should have a positive ORD curve, so its C-11 should be S-configuration. Because of the configuration of C-11 in 2 opposite to angelol A, we still have not enough information to establish the absolute configuration of C-12 in 2 basing on present data and literature reference. Therefore, presently, 2 was deduced as 6-[(1S,2S*)-2-angeloyloxy-1,3-dihydroxy-3-methylbutyl]-7-methoxycoumarin, named angelol M. The structures of eleven known coumarins were elucidated by means of spectral data analyses and comparison with literature data. They were identified as angelol A (3), angelol B (4), angelol G (5), 8) xathotoxin (6), isopimpinellin (7), bergapten (8), 11) alloimperatorin (9), 12) columbianetin (10), 13) lomatin acetate (11), 14) 8-O-methylmellein (12), 15 ) and 3,9-dihydroxy coumestan (13).
16) All these known compounds were reported from this plant for the first time.
The effects of compounds 1-13 on PSA secretion in LNCaP cells were tested using ELISA bioassay. The IC 50 values were shown in Table 2 . Compound 1 was the most active one. Our previous study and other researchers have indicated that flavonoid compounds often exhibit significant activity against PSA secretion in LNCaP cells. 5, 17, 18) Compound 1, belonging to 3-arylcoumarin, has a similar skeleton with the nucleus of flavonoids. It may be the basic unit C 6 -C 3 -C 6 in 1 that plays an essential role in its bioactivity against PSA secreted from LNCaP cells. Compound 13, a typical phytoestrogen, had a weak inhibition on PSA secretion, suggesting estrogen-like effect should not be the mechanism of inhibition of PSA secretion by these coumarins. Other compounds including angelol-type coumarins (2-5), furano-coumarins (6-10), pyrano-coumarin (11) and isocoumarin (12) , showed moderate or weak activity against PSA secretion. Compared with flavonoids from Brassica napus L. pollen which also has been used in traditional Chinese medicine for the treatment of BPH, the coumarins from C. hirtella showed relatively lower effect on PSA secretion.
5) The reason may be that these coumarins involved in other mechanism also contributing to the treatment of BPH for C. hirtella. Previous study demonstrated that coumarin and its major human metabolite, 7-hydroxycoumarin, inhibited proliferation of several cancer cell lines, including LNCaP cells. And PSA secretion from LNCaP was also suppressed by these two compounds. 19) Although the effective concentration of coumarin and 7-hydroxycoumarin was more than 100 mg/ml, these results suggest coumarins may have positive effect on the treatment of prostate diseases. In our study, the IC 50 values of isolated coumarins on inhibiting secrection of PSA from LNCaP cells were ranged from 24 to 102 mg/ml, which indicated that these compounds should be more effective than coumarin and 7-hydroxycoumarin. In the Fig. 3 , we also showed the proliferation inhibitory effects on LNCaP cells by new compounds 1 and 2 through MTS assay, and their IC 50 values were 61.2 and 83.7 mg/ml, respectively.
Experimental
General Procedures Optical rotations were measured using a Jasco P-1020 polarimeter. UV spectra were obtained with Shimadzu UV2401PC UV-Vis recording spectrophotometer in MeOH. IR spectrum was measured using a Shimadzu FTIR 8400 spectrophotometer as KBr discs. NMR spectra were recorded on a Bruker AVANCE 400 NMR spectrometer (400 MHz for 1340
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Fig. 3. Effects on Cell Viability of Compounds 1 and 2 Examined by MTS Assay
Results represented the OD ratio between the treated and untreated cells. Each data point is represented by meanϮstandard deviations. 1 
mass spectrometer. HR-TOF-MS spectra were performed on a Micromass mass spectrometer. The analytical and preparative HPLC were performed on a Shimadzu Pak with RI detector using a Shim-pack VP-ODS column (4.6ϫ250 mm) and a Shim-pack PREP-ODS column (20ϫ250 mm), respectively. Column chromatography was carried out on silica gel (200-300 mesh, Qingdao Haiyang Chemical Group Corp., Qingdao, China), Sephadex LH-20 (Amersham Biosciences AB) and ODS (60-80 mm, YMC) as packing materials. Silica gel G was used for analytical TLC.
Plant Material Fresh roots of C. hirtella were collected from Kunming, Yunnan province, China in October, 2004 and authenticated by associate professor Junkui Cai, Chinese Academy of Sciences in Kunming. A voucher specimen was kept in the Key laboratory for Research and Development of New Drugs, Shenzhen 518057, China.
Extraction and Isolation Dried roots of the plant (15 kg) were ground and extracted with 60% EtOH for three times. After evaporation of the solvent in vacuo, the residues (900 g) were resuspended in water, and partitioned with EtOAc and n-BuOH successively. The EtOAc-soluble extract (94 g) with the activity of inhibition of PSA secretion subjected to column chromatography on silica gel with elution of CHCl 3 -MeOH gradient (100 : 0→0 : 100), which resulted in 11 fractions, and active components of the extract mainly distributed in fractions 2-7. Fraction 2 was further chromatographed on silica by gradient elution with cyclohexane/acetoacetate (9 : 1→0 : 1) to give 6 subfractions. The subfraction 3 was passed through a Sephadex LH-20 column with CHCl 3 -MeOH (1 : 1) as an eluent, then applied to an ODS column eluting with MeOH/H 2 O (5 : 5→7 : 3), finally compounds 6 (6 mg), 7 (11 mg), 8 (5 mg), 9 (5 mg), 10 (6 mg), 11 (11 mg) , and 12 (6 mg) crystallized. 1 H-and 13 C-NMR, see Table 1 . Bioactivity Assay. Cell Culture and Test Compounds Preparation LNCaP cells were maintained at 37°C in RPMI 1640 (Gibco, U.S.A.) supplemented with 10% heat-inactivated FBS, 100 U/ml penicillin-streptomycin (Hyclone, U.S.A.). The fractions and isolated compounds (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) were dissolved in DMSO to obtain the desired concentrations.
MTS Assay Cell viability was measured using MTS(3-[4,5-dimethylthiazol-2-yl]-5-[3-carboxymethoxyphenyl]-2-[4-sulfophenyl]-2H-tetrazolium) proliferation assay kit (Promega) as described by the manufacturer and previous study.
5)
Detection of Secreted PSA by ELISA Ten thousand cells were seeded in 96-well plates and cultured for 2 d. The cells were subsequently incubated with test compounds or fractions for another 48 h. The secreted PSA in the medium was detected by ELISA as previously described.
5) The mean absorbance value (OD490) for each set of reference standards, controls, and samples were calculated. A standard curve was constructed by plotting the mean absorbance of each reference standard against its concentration in ng/ml. The calculated concentrations were further normalized to MTS OD values, which offset the possible influence on PSA resulted from cytotoxicity of the tested compounds. The final results were represented as the ratio of PSA released from the compound-treated cells over that of vehicle-treated cells. Each data point represented the mean and standard deviation of triplicate experiments.
